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Introduction

Why study W/Z+jets?

Diboson production
Tests of perturbative QCD calculations:
Recent NLO predictions of high jet multiplicities available
Choosing appropriate scale choice not always clear
Monte Carlo modelling:
Parton Shower (PS) and PS+Matrix Element approaches
need testing/tuning

Experimental measurement:
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V+jets dominates many signals of interest: backgrounds to Dijet Mass (GeV)
precision measurements of SM processes, and searches for
BSM physics H>WW-Ivqq
p channel, My = 190 GeV
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Z+jets angular observables
Z

Z+jets cross-sections measured as function of

angular correlations between leading jet and Z
Provide unique test of pQCD calculations:
sensitive to effects not probed in e.g. p; distributions

Z->pu provides clear, low background signature:
‘Physics’ backgrounds:
Z>TT, WZ,WW, top (0.5-1%)
‘Instrumental’ backgrounds:
High EM-fraction jets (1 %: reject with shower shape cuts)
Semi-leptonic decays (0.5%: reject with isolation criteria)

r DO, L=1.0fb"
T -+ Data

- [ z+iets

; .Backgrounds

Correct back to particle-level accounting for detector
resolution and efficiencies

Compare to NLO pQCD with MCFM

(apply Pythia-derived UE/hadronization corrections)
Compare to LO ME+PS Alpgen/Sherpa

Compare to LO PS Pythia/Herwig
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Z+jets angular observables: A)p(Z,j)

First measurement of angular correlations between Z and leading jet

Zoup: |y*|<1.7, p;2>25 GeV, jet p;>20 GeV, |yict|<2.8, R

= 0.5

cone

PHYs. LETT. B 682, 370 (2010), ARXIv:0907.4286
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Z+jets angular observables: Ay(Z,j)

NLO pQCD and Sherpa do good job of describing shape of Ay(Z,j)
Pythia also does a reasonable job, unlike in A¢(Z,))

PHYs. LETT. B 682, 370 (2010), ARXIv:0907.4286
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o(Z+b)/o(Z+jets) measurement

Ratio of inclusive Z+b to Z+jets cross-sections

= Test of pQCD calculations and b-quark fragmentation

= Particularly important background to SM Higgs search in ZH(->bb) channel

" Probe of b-quark parton distribution function

= Ratio allows for cancellation of many systematics and precise comparison
with theoretical predictions

PHYs. REv. D 83, 031105 (2011), ARXiv:1010.6203

: DO, 4.2 fb™ . DO, 4.2 fb™

I -+  Data
(@) pu -, (D)ee O] Z+light

B Z+b

-y
(=]
)

Challenging as Z+b
rate is relatively low,
extraction difficult

10*F

Events / 5 GeV

Study both di-electron 103;
and di-muon channels I S A

102}

Lepton p>15 GeV, .
D@ Runll Midpoint cone R=0.5 4, — e

Jet p->20{15} GeV, jet |n|<2.5 20 40 60 80 100 120 140 20 40 60 80 100 120 140
Leading Jet p_ (GeV)  Leading Jet p_(GeV)

Darren Price - W/Z+jets measurements at D@ i DIS2011 - April 14th 2011




o(Z+b)/o(Z+jets) method

Displaced
Tracks

Measurement uses neural network based

b-tagging algorithm.

Inputs include: B-lifetime, secondary vertices, ket

vertex mass, & decay length significance... J¢f Yy

Tag efficiency: 58%, mis-tag rate: 2% \*{/
G d

!

'
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Mo ,
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Further distinguish b-jets from charml/light
flavour combining NN output with

secondary vertex mass: -~ Jet -
° E B I ———
= Beauty and charm templates of this Soa L?I;tng
discriminant come from Monte Carlo g ' e gc j-e,s
> i — b jets

= Light templates from light-jet enriched data |
sample from Negative-Tagged (NT) NN data 4

T

Unbinned maximum likelihood fit of

templates to extract data flavour fractions o 02 04 06 08
Dy
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o(Z+b)/oc(Z+jets) results

Jet flavour fractions measured in both di-electron and di-muon channels

Consistent results in both channels, so combine and re-measure with independent fit
Light/charm discrimination not significant, but b-jet fraction insensitive to light/charm correlations

PHys. Rev. D 83, 031105 (2011), ARXIv:1010.6203
600 Largest systematics come from

B i _ discriminant template shape (4.2%)
- 1
3 i I DO, 4.2 fb and efficiency uncertainties (3.7%)
7 il
c | e e Data .
400 - b /_e;‘s Measured (Z+b)/(Z+jet):
—h— Cc Jeils
w Light iets
i 5 Total | 0.019210.0022(stat)x0.0015(syst)
5
B [ ]
200 s 1 Most precise to-date
Good agreement with MCFM:
0.0185%+0.022
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W +jets cross-section measurements

New results for this conference on 4.2 fb-! dataset:

= Measurement of inclusive W+(n)jets cross-sections for n=0—4

* Inclusive cross-section ratio ¢ /o, _, for n=1—4

= Differential cross-section measurement of nt" (p-ordered) jet py in
inclusive nt" jet multiplicity bin

W candidate identified from high p; electron + missing E
(Electron p>15 GeV, |n¢|<I.l,MET>20 GeV, m(W)>40 GeV, 2" |epton veto)

Jets are reconstructed with the D@ Runll Midpoint Cone algorithm
(jet pt>20 GeYV, |yi¢t|<3.2, AR(e,jet)>0.5,R__... = 0.5, two associated tracks to PV)

cone

* Fully correct observables for instrumental effects to particle-level.

= Compare to Blackhat+Sherpa and Rocket+MCFM NLO/LO predictions

= Use non-pQCD corrections (for UE and hadronization) from Sherpa to
correct these predictions from parton to particle level
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W +jets backgrounds and modelling

Signal (W+jets) and backgrounds modelled in Monte Carlo
All MC was hadronised/showered using Pythia 6.403 with following provisos:

=  W/Z+jets: uses Alpgen v2.1 1 with MLM matching and W/Z p,
reweighting to NLO (light and heavy flavour)

= NLO K-factors applied for top and W/Z+jets production

= Top production with Alpgen+Pythia

= Single top simulated with CompHep

Data-driven ‘matrix method’ used to determine QCD Multijet
background (where electron fakes a jet)

Fake rate (binned in jet multiplicity, lepton eta, lepton p;)

: £ / l-¢, £ A
NZ’é”IS - = .| VAN (1-¢) ocD . )
(1=€pep) € (1-¢€pep)

sig

Multijet Loose-not-Tight Signal selection
distribution distribution sample

Jet... or
electron?

Real electron efficiency (binned in lepton eta, lepton p)
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SVD unfolding of data with Guru

Unfolding procedure is performed using the GURU program using a
Singular Value Decomposition technique (NIM A 372, 469; hep-ph/9509307)
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E L matrix from-Alpgen+Pythia o '

Inputs are background-subtracted Sl PosnTY E
data distributions, Monte Carlo =200f- 3
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° ° '_150__ ....... ~
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Used to produce acceptance corrections T _© ::.: : -
() __ oO0o = « - . __

and unfold detector effects - P geriiii -

O80T 00 Tse 200 w0300

Leading measured jet p; (GeV)

= SVD unfolding offers better treatment of bin migrations and statistical
uncertainties where off-diagonal elements of response matrix are large

= Significantly reduces dependence on MC description of signal/background
over bin-by-bin corrections
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Derivation of inclusive W cross-section

Pre-selection provides W inclusive sample of 2.2M events with low
background (<1%)

Backgrounds again simulated with MC and data-derived methods
(for QCD multijet): incorporate these into systematic on measurement

Correct data to particle-level for detector efficiencies, using
acceptance corrections from Alpgen+Pythia:

1 L Nigeo

— reco . truth
Ow N, DATA N, MC

Choose to normalize jet results to inclusive W cross-section, for
cancellation or reduction of some systematics
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W+jet experimental uncertainties

In addition to Jet Energy Scale [4—16%] example shown on previous
slide, also determine systematics in same manner for:

= Jet Energy Resolution [2—10%]

= JetVertex Confirmation (tracks associated to PV) [2—8%]
= JetlD efficiency [0.5—4%]

= Trigger efficiency [<1%]

And additional studies to determine systematic effect of:

= Electron ID [1%]
= Background modelling uncertainties [0.5—20%]

(and impact of detector systematics on backgrounds)
= Unfolding MC model dependence [0.2—2%]
= Unfolding bias determination/correction uncertainty [0.1—1%]
* Lumi uncertainty & dependence on instantaneous lumi [~0%]
= Electron final state radiation [<1%]
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Comparison with pQCD theory

Compare unfolded inclusive and differential cross-section results to
perturbative QCD NLO precision calculations from two different

groups/approaches:
Rocket+MCFM and Blackhat+Sherpa

As well as differences in approach to calculation, there are differences
in PDF, and in renormalisation/factorisation scale choice:

1
Blackhat collaboration choose — Ht

(half the scalar sum of parton+lepton transverse energies from hard interaction)

Rocket collaboration choose dynamical scale: \/M%/ 4+ l(z p;)?
where p,; are the 4-momenta of the jets 4

and a modified scale choice of \/M%/ + (Z pjTet1>2 in the one-jet case.

Apply non-perturbative corrections for underlying event and hadronization
effects, derived from Sherpa 1.2.3 and CTEQ6.6 PDF to bring pQCD
calculations to particle-level
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Inclusive cross-section results W+jets
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Differential cross-section results (W+jet 1)
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Differential cross-section results (W+jet 1,2)
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Differential cross-section results (W+jet 3,4)
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Darren Price - W/Z+jets measurements at D@ i DIS2011 - April 14th 2011




Summary

Have presented a small slice of recent W/Z+jets results produced by
the D@D Collaboration recently:

= Angular correlations in Z+jet events

* Measurement of the Z+b/Z+jet fraction

" Inclusive & differential cross-section measurements of
W+jet events with up to four jets

Comparisons made to NLO(LO) pQCD and Monte Carlo generators:

= On the whole, good agreement with data, but some discrepancies observed
= Data uncertainties are now smaller or comparable to the best pQCD
calculations available

= Some discrepancies seen between theoretical approaches:
DO measurements are sensitive enough to provide input in these cases

Have large, well-understood datasets that will now be used to provide a
variety of W/Z+jets measurements in the near future
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Additional slides
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Ratio to SHERPA
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Ratio to SHERPA
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W+jets unfolding biases and systematics

After unfolding the central value of differential cross-sections,
there are two questions to address:

I. Was there any intrinsic bias in the unfolding procedure, and

can we correct for it?
2. What are the associated systematic/statistical uncertainties

on the unfolded results?

To answer these questions, we use MC-derived ensembles:
In MC we always have access to the true value to compare with unfolded!

a. Reweight Alpgen+Pythia at particle-level to describe unfolded data

b. Ensure this reweighted MC describes the data at particle and
reconstruction levels in distribution of interest

c. Build pseudo-experiments from this MC with on average the same
statistics and fluctuations as data in total number of events and in the
individual bins of the distributions
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W+jets unfolding biases and systematics
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W +jets systematics determination (example)
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